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Abstract:7KH8.WDUJHW WRVLJQLILFDQWO\UHGXFH&2HPLVVLRQVIURPKRXVLQJKDVEHHQFKDOOHQJHGE\WKHIDFWWKDWRI WKH8.KRXVLQJVWRFNH[LVWLQJ LQKDVDOUHDG\EHHQEXLOW(QHUJ\HIILFLHQF\ WHFKQRORJLHV IRU
H[LVWLQJKRXVLQJDUHGHYHORSHGLQDWWHPSWWRPHHWWKLVWDUJHWHJIDEULFXSJUDGHVYHQWLODWLRQV\VWHPVHWFEXW
WKHLQWHUUHODWLRQVKLSEHWZHHQWKHWHFKQLFDODQGVRFLDODVSHFWVRIXVLQJWKHVHWHFKQRORJLHVLVQRWIXOO\XQGHUVWRRG
)URP WKH KRXVHKROG SHUVSHFWLYH D FOHDU ILQDQFLDO FDVH LQ DGGLWLRQ WR RWKHU LQWDQJLEOH EHQHILWV VKRXOG H[LVW WR
FUHDWHKLJKGHPDQGIRUWKHVHWHFKQRORJLHV2QWKHRWKHUKDQGPDQ\WHFKQRORJLFDOLQWHUYHQWLRQVDUHVWLOOLQWKH
GHYHORSPHQW VWDJH DQG DFFRUGLQJ WR WKH WHFKQRORJ\ GLIIXVLRQ WKHRU\ WKHUH ZLOO EH DG HOD\ LQ DGRSWLQJ WKHVH
WHFKQRORJLHV RQ WKH H[SHFWHG VFDOH 7KLV VWXG\ ZLOO XVH V\VWHP G\QDPLFV PRGHOOLQJ WR LQYHVWLJDWH WKH
UHODWLRQVKLSEHWZHHQWKHVXSSO\DQGGHPDQGRIHQHUJ\HIILFLHQF\WHFKQRORJLHVIRUH[LVWLQJKRXVLQJ$G\QDPLF
K\SRWKHVLV ZLOO EH VHW WR DQDO\VH WKH LQWHUUHODWLRQVKLSV DPRQJ WKH FRQWUROOLQJ YDULDEOHV RI WHFKQRORJLHV
GHYHORSPHQW RYHU DS HULRG RI WLPH 7KLV SDSHU LQWURGXFHV WKH PDLQ VWUXFWXUH RI WKH VWXG\ DQG GLVFXVVHV WKH
WHFKQLTXHDGRSWHGWRPRGHOWKHLGHQWLILHGG\QDPLFK\SRWKHVLV

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1. Introduction 
7KHKRXVLQJLQGXVWU\LQWKH8.LVH[SHULHQFLQJLWVWUDQVLWLRQSHULRGIURPWUDGLWLRQDOWRHQHUJ\
HIILFLHQW 7KH FDOO IRU HQHUJ\ HIILFLHQW KRXVHV KDV EHHQ LQWHQVLILHG LQ WKH OLJKW RI WKH KLJK
GHPDQG IRU HQHUJ\ 7KH JURZWK RI HQHUJ\ SULFHV LQFUHDVHV WKH SUHVVXUH RQKRXV HKROGHUV WR




ZLOO EH SUHVHQW LQ  KDYH EHHQ DOUHDG\ FRQVWUXFWHG EHIRUH \HDU >@ 7KHUHIRUH





'HVSLWH WKH JURZLQJ GHYHORSPHQW LQ (QHUJ\ (IILFLHQF\ WHFKQRORJLFDO LQWHUYHQWLRQV WKH
XSWDNHRIWKHVHWHFKQRORJLHVLVQRWJUHDWHQRXJKWRVKRZWKDWWKHUHLVDVLJQLILFDQWUHGXFWLRQLQ
HQHUJ\FRQVXPSWLRQDQG&2HPLVVLRQV$PRQJWKHUHDVRQVIRUWKLVPDUNHWIDLOXUHPLJKWEH







$SUHYLRXV VWXG\ µ7$5%$6(¶>@ LQYHVWLJDWHGDQXPEHURI WHFKQRORJLHV LQ WKH ILHOGRIHQG
XVHWHFKQRORJ\EXLOGLQJIDEULFDQGHQHUJ\VXSSO\WHFKQRORJLHVWRDFKLHYHUHGXFWLRQVLQ&2
HPLVVLRQV 7KUHH LQWHUYHQWLRQ VHWV ZHUH LGHQWLILHG ZLWK WKHLU HIIHFW RQ &2 HPLVVLRQV

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DWWULEXWDEOH WR WZR VHOHFWHG GZHOOLQJ W\SHV QDPHO\ µFRPSUHKHQVLYH¶ µFRPSOHWH¶ DQG
µOLPLWHG¶ LQWHUYHQWLRQ VHWV $ :KROH /LIH &RVW :/& DSSURDFK KDV EHHQ FRQGXFWHG WR
LQYHVWLJDWHWKHFRVWLPSOLFDWLRQVIRUWKHXSWDNHRIWKHVHLQWHUYHQWLRQVHWVE\KRXVHKROGHUV7KH
VWXG\FRQFOXGHGWKDWWKHUHLVQRFOHDUILQDQFLDOFDVHRYHUD\HDUKRUL]RQIRUKRXVHKROGHUV
WR LQYHVW LQ WKH SURSRVHG LQWHUYHQWLRQV 7KH UHVXOWV DOVR UHYHDOHG WKH QHHG IRU QHZ SROLF\
DSSURDFKHVWRRYHUFRPHWKHILQDQFLDODQGQRQILQDQFLDOKXUGOHVIRUDPDVVXSWDNHRI(QHUJ\
HIILFLHQF\WHFKQRORJLHV>@7KLVSDSHUEXLOGVRQWKHUHVXOWVRI7$5%$6(DQGLQYHVWLJDWHVLQD
ZLGHUFRQWH[W WKHGHYHORSPHQWDQGGLIIXVLRQRIHQHUJ\HIILFLHQF\ WHFKQRORJLHV IRUKRXVLQJ
9DULDEOHVDIIHFWLQJGLIIHUHQWSROLFLHVWRUHGXFH&2HPLVVLRQVVXFKDVVXEVLG\ULVLQJHQHUJ\
SULFH 5	' LQYHVWPHQW IURP WKH LQGXVWU\ HWF DUH FRQVLGHUHG 7HFKQRORJ\ GLIIXVLRQ WKHRU\
UHYHDOVWKDWWHFKQRORJLFDOGHYHORSPHQWDQGLPSOHPHQWDWLRQLQFOXGHVDORQJGHOD\WREHIXOO\
GLIIXVHG ,Q DGGLWLRQ HIIHFWLYH LPSOHPHQWDWLRQ RI WHFKQRORJLFDO LQQRYDWLRQV UHTXLUHV DQ
XQGHUVWDQGLQJRIWKHFRPSOH[LW\XQGHUSLQQLQJWKHSURFHVVDQGWKHLQKHUHQWXQFHUWDLQW\DERXW
WKHDFWXDOSHUIRUPDQFHRIORZHQHUJ\KRXVLQJ>@7KHDGRSWLRQRILQQRYDWLYHWHFKQRORJLHVDOVR
UHTXLUHV UHOLDEOH SHUIRUPDQFH LQGLFDWRUV WR EH HPSOR\HG WR DVFHUWDLQ WKH FRQGLWLRQ RI VXFK
SURFHVVHV0RGHOVWKDWVLPXODWHWKHLPSOHPHQWDWLRQRIQHZWHFKQRORJLHVQHHGWRFRQVLGHUWKH
HIIHFW RI H[SHULPHQWDWLRQ LWHUDWLRQ DQG UHILQHPHQW RI DFWLYLWLHV WKDW DUH UHOLDQW RQ YRODWLOH
LQIRUPDWLRQ>@7KHVHPRGHOVVKRXOGFRQVLGHUWKDWPDQ\YDULDEOHVDUHWLPHGHSHQGHQWDQGRU
FDUU\ D KLJK OHYHO RI XQFHUWDLQW\ ,W LV XQGHUVWRRG IRU H[DPSOH WKDW WKH HIILFLHQF\ RI QHZ
WHFKQRORJLHVLVH[SHFWHGWRULVHE\IXUWKHUGHYHORSPHQWDQGH[SHULHQFHLQXVH,QDGGLWLRQLW
PXVW EH VWUHVVHG WKDW WKH HPLVVLRQV VDYLQJV DUH RQO\ UHDOL]HG ZKHQ EHKDYLRXUDO FKDQJH
DFFRPSDQLHVWKHWHFKQRORJLFDOGHSOR\PHQW

'LIIHUHQW PRWLYDWLRQDO IUDPHV PLJKW DOWHU WKH DSSUDLVDO RI FRVWV DQG EHQHILWV UHODWHG WR D
VSHFLILFSURHQYLURQPHQWDO EHKDYLRXU8QGHUVWDQGLQJ WKHQHHGV VDWLVILHG E\ WKHSXUFKDVHRI
DQ HQHUJ\ HIILFLHQW WHFKQRORJ\ ZRXOG DOORZ WKHLU FRVWV WR EH FRPSDUHG WR WKH FRVW RI RWKHU
SXUFKDVHV VDWLVI\LQJ RWKHU QHHGV>@ ,W LV PRUH OLNHO\ WKDW RQO\ D SDUW RI WKH IDPLO\ EXGJHW
FXUUHQWO\DOORFDWHGIRUKRXVHKROGLPSURYHPHQWVZRXOGDFWXDOO\EHVSHQWRQHQHUJ\HIILFLHQF\
LPSURYHPHQWVHYHQIRU WKRVH LQIRUPHG LQGLYLGXDOVZLWKVWURQJSURHQYLURQPHQWDODWWLWXGHV
$GGLWLRQDOO\ WKHUH LV QR ILQDQFLDO LQFHQWLYH DVVRFLDWHG ZLWK WKH LQYHVWPHQW LI UHGXFWLRQ LQ
XWLOLW\H[SHQGLWXUHDWFXUUHQWHQHUJ\SURFHVVLVWDNHQDVWKHVROHEHQHILW7KHGHSOR\PHQWRI
GHHSFXWLQWHUYHQWLRQVHWVDUHOLNHO\WRUHVXOWLQRWKHUEHQHILWVVXFKDVLPSURYHGFRPIRUWDQG




DUH RQO\ OLNHO\ WR EH PHW WKURXJK D FRPELQDWLRQ RI GHPDQG DQG VXSSO\ VLGH LQWHUYHQWLRQV
,GHQWLI\LQJ WHFKQRORJLFDO VROXWLRQV IRU DFKLHYLQJ D UHGXFWLRQ LQ 8. GRPHVWLF GZHOOLQJV LV
FRPSOH[$VVXPSWLRQVKDYH WREHPDGH UHJDUGLQJ IRU LQVWDQFHFRQVWUXFWLRQRFFXSDQF\DQG
RFFXSDQW EHKDYLRXU LQ RUGHU WR GHILQH WKH EDVHOLQH IRU DVVHVVPHQW RI WHFKQRORJLFDO
LQWHUYHQWLRQV ZKLFK WKHPVHOYHV DUH RIWHQ LQWHUGHSHQGHQW 7KLV ZRXOG VXJJHVW WKDW VWUHVVLQJ
WKH HWKLFDO RU HQYLURQPHQWDO DSSHDO RI DQ HQHUJ\ VDYLQJ WHFKQRORJ\ ZLOO RQO\ KDYH OLPLWHG






















2.1. Problem Articulation 
7KHSUREOHPLQKDQG LVQRWRQO\DERXW WKH W\SLFDOSURFHVVRI WHFKQRORJ\GLIIXVLRQEXWDOVR
DERXW WKH HIIHFW RI WKH SUHVVXUH WR UHGXFH &2 HPLVVLRQV DQG WKH VRFLDO DQG HFRQRPLFDO










2.1.1. Technology Diffusion Theory 
'LIIXVLRQ SURFHVV LV WKH PHWKRGRORJ\ RI DGRSWLQJ DQ LQQRYDWLRQ E\ PHPEHUV RI D FHUWDLQ
FRPPXQLW\ 5RJHUV>@ FDWHJRUL]HV WKH ILYH VWDJHV RI WKH GLIIXVLRQ RI LQQRYDWLRQV DV
NQRZOHGJH DZDUHQHVV SHUVXDVLRQ LQWHUHVW GHFLVLRQ HYDOXDWLRQ LPSOHPHQWDWLRQ WULDO
DQGFRQILUPDWLRQDGRSWLRQ2YHUWKHWLPHRIWKHGLIIXVLRQSURFHVVQHZLQGLYLGXDOVDGRSWWKH
LQQRYDWLRQZKLOHRWKHUVPLJKWUHMHFWLW)RXUIDFWRUVZHUHLGHQWLILHGWKDWLQIOXHQFHDGRSWLRQRI
DQ LQQRYDWLRQQDPHO\ WKH W\SHDQGQHHGIRU LQQRYDWLRQ WKHFRPPXQLFDWLRQFKDQQHOV
XVHGWRVSUHDGLQIRUPDWLRQWLPHSHULRGRIGLIIXVLRQDQGWKHQDWXUHRIWKHFRPPXQLW\WR
ZKRP LQQRYDWLRQ LV LQWURGXFHG 7HFKQRORJ\ DGRSWLRQ UDWH DOZD\V IROORZV DQ 6FXUYH WKDW
UHSUHVHQWV WKH OHQJWK RI WLPH UHTXLUHG IRU D FHUWDLQ SHUFHQWDJH RI FRPPXQLW\ PHPEHUV WR
DGRSW WKH WHFKQRORJ\>@ DV VKRZQ LQ )LJ  7KHUH DUH FDWHJRULHV RI DGRSWHUV LQQRYDWRUV
HDUO\DGRSWHUVHDUO\PDMRULW\ODWHPDMRULW\DQGODJJDUGV7KLVSDWWHUQRIWHFKQRORJ\DGRSWLRQ
ZLOO EHXVHG IRU WKHSXUSRVHRIPRGHOOLQJ DV ³UHIHUHQFHPRGHRIGLIIXVLRQ´ZKLFK IRU WKLV
UHVHDUFKZLOOEHWKHUHIHUHQFHPRGHRI³GHPDQGIRUKRXVHXSJUDGLQJ´7KHGHPDQGIRUKRXVH
XSJUDGLQJ ZLOO EH LQYHVWLJDWHG IURP WKH SHUVSHFWLYH RI KRXVHKROGHUV LQGXVWU\ DQG
JRYHUQPHQW,QGLYLGXDOVXVXDOO\DGRSWDQLQQRYDWLRQLILWKDVVRPHDWWULEXWHVQDPHO\WKH
LQQRYDWLRQKDVVRPHUHODWLYHDGYDQWDJHRYHUDQH[LVWLQJRQHWKHLQQRYDWLRQLVFRPSDWLEOH
ZLWKH[LVWLQJYDOXHVDQGSUDFWLFHV WKHLQQRYDWLRQLVQRW WRRFRPSOH[ WKHLQQRYDWLRQ
KDV WULDODELOLW\ LH FDQ EH WHVWHG IRU D OLPLWHG WLPH ZLWKRXW DGRSWLRQ  WKH LQQRYDWLRQ
RIIHUVREVHUYDEOHUHVXOWV

9DULRXV PRGHOV KDYH EHHQ GHYHORSHG LQ RUGHU WR VLPXODWH WKH W\SLFDO GLIIXVLRQ RI
WHFKQRORJLFDO LQQRYDWLRQV)RUH[DPSOH9HQHULV>@GHYHORSHGD6'PRGHOZKLFK WDNHV LQWR
DFFRXQW YDULRXV GLIIXVLRQ SDWWHUQV PRGHOOHG YLD GLIIHUHQWLDO HTXDWLRQV 7KH PRGHO GLG QRW
FRQVLGHU WKDW WHFKQRORJ\ GHYHORSPHQW LV G\QDPLF DV WKHUH LV DOZD\V GHYHORSPHQW RU

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LPSURYHPHQW RYHU WKH WLPH RI GLIIXVLRQ DOO DORQJ WKH 6FXUYH 7KHUHIRUH WKH 6FXUYH LV





Fig. 1. Innovation adoption rate (RogersP[11]P) 

7KH RWKHU PDLQ UHIHUHQFH PRGH UHTXLUHG IRU WKLV PRGHO LV IRU WKH UDWH RI &2RR HPLVVLRQV
UHGXFWLRQ7KHWDUJHWVHWIRUWKH\HDUZLOOEHXVHGDVDJXLGDQFHUHIHUHQFHPRGHLQWKLV
PRGHO IXUWKHUGDWD LV UHTXLUHG WR UHILQH WKLVPRGH LQDPRUHDFFXUDWH UDWH)LJVXJJHVWV
WKDW WKH OLQHDU HPLVVLRQV UHGXFWLRQ UDWH VLQFH  ZDV 0 W&2RRGHFDGH 7KLV ZRXOG
DFKLHYHDUHGXFWLRQLQ&2RRHPLVVLRQVIURP8.EXLOGLQJVE\7RDFKLHYHWKH





Fig. 2. Domestic and non-domestic carbon emissions to 1994 with trajectories to 40% of 1990 
emissions in 2050 (reported in Oreszczyn and Lowe P[4]P)

2.2. 5BFormulation of the dynamic hypothesis 
$ G\QDPLF K\SRWKHVLV LV VHW WR H[SODLQ WKH EHKDYLRXU RI WKH V\VWHP DQG WKH UHODWLRQVKLSV
DPRQJLWVYDULDEOHVWKDWGHYHORSLWVUHIHUHQFHPRGH)RXUPDSSLQJWRROVZHUHXVHGWRGHYHORS
WKLVK\SRWKHVLVZKLFKDUH6XEV\VWHPGLDJUDP0RGHOERXQGDU\FKDUW&DXVDOORRSGLDJUDPV




2.2.1. Subsystem diagram 
)LJ  FODVVLILHV WKH DUFKLWHFWXUH RI WKH VWXGLHG V\VWHP LQWR D QXPEHU RI VXEV\VWHPV (DFK
VXEV\VWHP LV PDLQO\ FRQWUROOHG E\ D FHUWDLQ YDULDEOH DV LOOXVWUDWHG E\ WKH YDULDEOH QDPH LQ
HDFKER[RI)LJ7KHPDLQFRQWUROYDULDEOHVRIHDFKVXEV\VWHPDQGWKHLQWHUDFWLRQVEHWZHHQ
HDFKRWKHUZLOOEHLGHQWLILHGRQWKHFDXVDOORRSGLDJUDPV)RUH[DPSOHWKHDFWXDOSURSRUWLRQRI
GZHOOLQJV XVLQJ WKH LQWHUYHQWLRQ VHWV LV XVHG WR PHDVXUH WHFKQRORJ\ GLIIXVLRQ 7KH RWKHU















Fig. 3. Model sub-systems 

2.2.2. Model boundary chart 
7KH FKDUW LGHQWLILHV WKH VFRSH RI WKH PRGHO E\ FODVVLI\LQJ WKH YDULDEOHV LQWR HQGRJHQRXV




7KH FXUUHQW YHUVLRQ RI WKH PRGHO H[FOXGHV WKH LQWHUHVW UDWH RQ VDYLQJLQYHVWLQJ WKH FRVW RI
KRXVH XSJUDGH DVVXPLQJ WKDW WKH\ ZLOO EDODQFH WKH HIIHFW RI LQIODWLRQ RQ DOO H[SHQVHV 7KH
YDULDEOHV FRQVLGHUHG IRU WKH VHOHFWLRQ RI LQWHUYHQWLRQ VHWV DUH HQHUJ\ SULFH HFRQRPLFDO
IDFWRU DQG&2 HPLVVLRQ HQYLURQPHQWDO IDFWRUDQG5	'LQYHVWPHQWDV ILQDQFLDO VXSSRUW
2WKHUYDULDEOHVLQIOXHQFLQJWHFKQRORJLFDOGHYHORSPHQWVVXFKDVPDUNHW LPSDFWRURWKHUQHZ


























Table 1. Model boundary chart 
(QGRJHQRXV ([RJHQRXV ([FOXGHG








x 5HIHUHQFHHQHUJ\SULFH x 2WKHUIDFWRUVWRLQIOXHQFH
VHOHFWLRQRIVHWV





x ,QGLFDWHGKRXVHXSJUDGHGHPDQG  
x $YHUDJHHQHUJ\GHPDQG  
x 5	'LQYHVWPHQW  
x (IIHFWRIFRVWRQKRXVHXSJUDGH  
x ,QGLFDWHGXQLWHQHUJ\FRVW  
x +RXVHYDOXH  
x ,QGXVWU\UHYHQXH  
x 7HFKQRORJ\FKDQJHUDWH  
x $FWXDOHQHUJ\FRQVXPSWLRQ  

































































ORRS LH SRVLWLYH RU QHJDWLYH LV LGHQWLILHG E\ VXPPLQJ WKH SRODULWLHV RI WKH UHODWLRQVKLSV
DPRQJLWVYDULDEOHV/RRSVZLWKDQRGGQXPEHURIQHJDWLYHUHODWLRQVKLSVDUHQHJDWLYH/RRSV
ZLWK DQ HYHQQXPEHURIQHJDWLYH UHODWLRQVKLSV DUHSRVLWLYH9DULDEOHVZLWKLQSRVLWLYH ORRSV
ZLOOFRQWLQXHWRLQFUHDVHLQGHILQLWHO\ WKHUHIRUHSRVLWLYHORRSVDUHVHOIUHLQIRUFLQJ9DULDEOHV
ZLWKLQ QHJDWLYH ORRSV ZLOO VWDELOL]H RYHU WLPH WKHUHIRUH QHJDWLYH ORRSV DUH VHOIEDODQFLQJ
)HHGEDFN ORRS VWUXFWXUHV RQFH LGHQWLILHG DUH WUDQVODWHG LQWR VWRFNIORZ GLDJUDPV WR HQDEOH
WKH6'VLPXODWLRQ7KHVLPXODWLRQSDUWLVEH\RQGWKHVFRSHRIWKLVSDSHU&OHDUO\WKHGHJUHH
RI GHWDLOV DW ZKLFK D &/' LV GHILQHG VWURQJO\ LQIOXHQFHV WKH VXFFHVV RI WKLV DSSURDFK DQG
FRQVLGHUDEOHFDUHVKRXOGEHWDNHQWRGHYHORSLWULJKW

3.1.  Consumption loop (+ve loop) 
,PSURYLQJ DYHUDJH XQLW HQHUJ\ FRQVXPSWLRQ E\ LQFUHDVLQJ WKH DFWXDO SURSRUWLRQ RI XVLQJ
LQWHUYHQWLRQ VHWV >$YHUDJHXQLW HQHUJ\ FRQVXPSWLRQ±XQLW HQHUJ\ FRVW±(IIHFWRI FRVW RQ
KRXVH XSJUDGH ± 'HPDQG IRU KRXVH XSJUDGH ± $FWXDO SURSRUWLRQ RI XVLQJ LQWHUYHQWLRQ VHWV
$%&$YHUDJHXQLWHQHUJ\FRQVXPSWLRQ@(QHUJ\HIILFLHQF\LPSURYHPHQWFDQEHPHDVXUHG
E\WKHUHGXFWLRQLQWKH$YHUDJHXQLWHQHUJ\FRQVXPSWLRQZKLFKUHGXFHVWKHXQLWHQHUJ\FRVW
DQG VXEVHTXHQWO\ WKH HIIHFW RI FRVW RQKRXV H XSJUDGH ZKLFK OHDGV WR DQ LQFUHDVH LQ WKH
GHPDQG IRU KRXVH XSJUDGH +LJK GHPDQG IRU KRXVH XSJUDGLQJ ZLOO LQFUHDVH WKH XVH RI
LQWHUYHQWLRQVHWVZKLFKLQWXUQGHFUHDVHVWKHDYHUDJHXQLWHQHUJ\FRQVXPSWLRQ

3.2. R&D loop (-ve loop) 













SHUXQLW HQHUJ\QHHG±&2 HPLVVLRQV 7HFKQRORJ\FKDQJH UDWH±(IIHFWRI WHFKQRORJ\RQ
XQLWHQHUJ\FRQVXPSWLRQ$YHUDJHXQLWHQHUJ\FRQVXPSWLRQ@

3.4. Technology change loop (-ve loop) 
:KLOHWKHLQFUHDVHLQWKH$YHUDJHXQLWHQHUJ\FRQVXPSWLRQPLJKWLQFUHDVHWKHDFWXDOHQHUJ\
FRQVXPSWLRQ DQG WKH &2 HPLVVLRQV EXW WKLV LQ WXUQ ZLOO DFFHOHUDWH WKH UDWH RI WHFKQRORJ\
FKDQJH >$YHUDJH XQLW HQHUJ\ FRQVXPSWLRQ ± $YHUDJH HQHUJ\ GHPDQG ± $FWXDO HQHUJ\







LQWHUYHQWLRQ VHWVGXULQJ WKH WUDQVLWLRQSHULRG7KHUH DUH DQXPEHURIYDULDEOHV RQ WKH JUD\

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DUURZV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VXSSO\VLGHVKDVEHHQ LQYHVWLJDWHG LQ WKLVSDSHU0RGHOOLQJ WKHGLIIXVLRQSURFHVVXVLQJ6'
SULQFLSOHV VKRZV WKDW YDULRXV UHODWLRQVKLSV ZLWKLQ WKH SURFHVV DUH GHYHORSHG WKDW FDQ KHOS
DFKLHYLQJWKHWDUJHWRI&2HPLVVLRQV7KHGHYHORSHG&/'ZLWKQHJDWLYHIHHGEDFNORRSZLOO
KDYH D V\VWHPLF UHVLVWDQFH WRXQGHVLUDEOHRXWFRPHVZLWKLQ WKH V\VWHP +RZHYHU DSRVLWLYH










>@ 6XVWDLQDEOH &RQVWUXFWLRQ 7DVN )RUFH 0DNLQJ WKH PRVW RI RXU EXLOW HQYLURQPHQW '7,











>@ , 0RWDZD $ 3ULFH DQG : 6KHU $ )X]]\ DSSURDFK IRU HYDOXDWLQJ WKH LWHUDWHG
LPSOHPHQWDWLRQ RI LQQRYDWLRQV LQ FRQVWUXFWLRQ ,QWHUQDWLRQDO -RXUQDO RI ,7 LQ
$UFKLWHFWXUH(QJLQHHULQJDQG&RQVWUXFWLRQ9ROSS 
>@ , 0RWDZD $ 3ULFH DQG : 6KHU 0RGHOOLQJ WKH LPSOHPHQWDWLRQ RI WHFKQRORJLFDO





>@ - 6WHUPDQ %XVLQHVV G\QDPLFV V\VWHPV WKLQNLQJ DQG PRGHOOLQJ IRU D FRPSOH[ ZRUOG
0F*UDZ+LOO
>@ (5RJHUV'LIIXVLRQRILQQRYDWLRQV1HZ<RUN)UHH3UHVV,6%1
>@ <9HQHULV0RGHOOLQJWKHWUDQVLWLRQIURPWKH,QGXVWULDOWRWKH,QIRUPDWLRQDO5HYROXWLRQ
(QYLURQPHQWDQG3ODQQLQJSS

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